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ABSTRACT: Despite an increasing highlight on the sustainability agenda by the construction 
industry, sustainable development is often treated with different philosophy, interpretation, and 
responsibility at various stages of project development by various stakeholders involved. The actual 
sustainability deliverables from the industry is not substantially tangible, especially at project levels. 
For infrastructure projects which typically span over long periods of time, achieving consistent 
sustainability outcomes during various stages of development remains as a formidable task. The 
absence of common understanding among stakeholders and the lack of appropriate sustainability 
reporting mechanism are possible causes. Many policies dealing with these issues tend to be too 
generic and broad-based for practical adaptation. 
While there had been a plenty of research initiatives on sustainability assessment, there is often a gap 
between sustainability deliverables during project implementation and the grandeur of promises 
during project conception. This paper reviews the historical context of sustainable development and 
its principles, and past studies on sustainable construction, focusing on infrastructure projects. It 
goes on to introduce a QUT research project aimed at identifying and integrating the different 
perceptions and priority needs of the stakeholders, along with identifying issues that impact on the 
gap between sustainability foci and its actual realization at project end level, in order to generate a 
framework of enhancing sustainable deliverables. It is expected that the research will help promote 
more integrated approaches to decision-making on the implementation of sustainability strategies 
and foci during the construction project delivery processes. 
 
Keywords: Sustainable development, infrastructure, construction management, project delivery, 
performance enhancement.  
 
 
1. INTRODUCTION 
 
Construction industry world-wide has taken on a positive response to support the 
agenda of sustainable development since the last decade. This is evidenced by the 
engaging sustainability initiatives by governments, industry as well as academic 
researchers across the globe. Despite an increasing level of adoption of the 
sustainability agenda by the construction industry, the actual sustainability 
deliverables from the industry is not substantial and tangible, especially at project 
levels (Figure 1). 
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Figure 1: Gap between sustainability focus and project end realisation 
during construction project delivery. 
 
A recent research on construction companies' attitudes to sustainability in United 
Kingdom found that very few companies positively embrace sustainable ideas 
(Myers, 2005), or different companies have described different individual and 
organizational perceptions and definitions of sustainability (Shelbourne, et. al, 
2006). The research further revealed that the fragmented and diverse nature of the 
industry is the main reason for such scenario. Worst still, it is beset with an 
adversarial culture (Chan, et al., 2005). At any given project, construction 
stakeholders have their own concerns, priorities and interests, resulting different 
expectations in the project delivery. Often the disciplines are unwilling or unable 
to consider the views represented by others because there is not a common 
language place (Lombardi & Brandon, 1997). In the absence of common 
understanding among these stakeholders, achieving sustainability outcomes 
remains as a formidable task.  
In the meantime, decision-making for sustainable development in the built 
environment requires new approaches that are able to integrate and synthesise all 
the dimensions and different point of views in a holistic matter (Mitchell, 1999; 
Deakin, et al., 2001). This process requires the application of a suitable operational 
framework, and an evaluation method or approach that is able to guide 
stakeholders through the decision-making. However, at the moment, such a 
structure for organizing the information required in decision-making is not yet 
available or agreed on among the different disciplines and fields of activities. The 
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 lack of an agreed structure that can help decision-making processes achieve greater 
sustainability is a major problem (Brandon and Lombardi, 2005). 
2. THE EVOLVING NATURE OF SUSTAINABLE 
DEVELOPMENT IN CONSTRUCTION 
 
Since the milestone publication of Bruntland Report that read development is 
sustainable when it "meets the needs of the present without compromising the 
ability of future generations to meet their own needs", the call of sustainability was 
resonated world-wide.  This was further intensified by the crystallization of 
Agenda 21 that calls for a greater application of sustainable development 
principles in the construction industry,  
Despite these principal references, it is widely acknowledged that sustainability is 
still a vague, uncertain and polymorphous concept (Philis and 
Andriantiatsaholiniaina, 2001) as different people interpret sustainability 
differently. Scholars and researchers have attempted to bring about universal 
principles for sustainability, but their efforts were far from success. Instead they 
are often criticized, for not representing the full vision of sustainable development 
(Eagan and Joeres, 1997).  
Though still evolving, the most commonly accepted set of principles of sustainable 
development is called the Triple Bottom Line. This international set of 
sustainability metrics, often used to gauge the success of a particular development 
project (Rogers, et. al., 2006), includes three broad components; social, 
environmental and economic aspects of sustainability.  
Premised on the Triple Bottom Line, scholars and researchers of various 
disciplines then engage in and formulate the sustainable principles concept for 
their respective area of development interests. For built environment, sustainable 
construction is seen as a way for the building industry to respond to achieve 
sustainable development (Bourdeau, 1999).  
Theme B: Creating a livable, healthy and environmentally viable cities
469
 Socio-economic 
Environment 
- Demand 
- Revenue 
 
Infrastructure 
Natural 
Environment 
- Resources
Energy 
Materials 
Products 
Services 
Residuals 
Environmental 
Sustainability 
Engineering 
Sustainability
Socio-Economic 
Sustainability 
Figure 2: Framework for assessing infrastructure 
 systems (Sahely, et al., 2005). 
 
 
 
 
 
 
 
 
 
 
 
Principally, sustainable construction can be defined as a construction process 
which incorporates the basic themes of sustainable development (Parkin, 2000; 
Chaharbaghi & Willis, 1999; Sage, 1998). In other words, a construction project is 
sustainable when it responses to the conventional environmental challenges of 
resources depletion, addresses social and cultural needs and practices, as well as 
generates economic empowerment or alleviates poverty. 
 
3. SUSTAINABLE DEVELOPMENT AND INFRASTRUCTURE 
The fact that infrastructure constitutes large built assets on earth, and the ever-
increasing demands, its necessary involvement and impact towards global 
sustainable development efforts is critical. To effect a global and universal 
sustainability achievement, therefore, driving sustainable development in 
infrastructure projects is a major integral part. 
Drawing from the understanding that sustainable construction can be defined as a 
construction process which incorporates the basic themes of sustainable 
development (Parkin, 2000; Chaharbaghi and Willis, 1999; Sage, 1998), 
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 sustainable infrastructure means the application of basic sustainable principles into 
infrastructure development. In a more concrete term, this means ensuring that our 
infrastructure is environmentally, socially and economically sustainable. 
To achieve sustainable infrastructure development, however, it is important to 
firstly understand how an infrastructure project relates to the principles of 
sustainability. Sahely et. al. (2005) proposed a simple framework focuses on key 
interactions between infrastructure and environmental, economic and social 
systems (Figure 2).  
In this context, the first crucial step in this process includes definition of overall 
goals, system boundaries, and sustainability criteria and indicators. The goals of 
the sustainability assessment must be well defined on an infrastructure system. 
Subsequently, the criteria and generic sub-criteria for sustainable infrastructure 
systems can be based on Triple Bottom Line, with an addition of engineering 
criteria that pertinent to infrastructure project undertakings, as follows: 
i) Environment – including resource use and residuals production 
 
ii) Economic – including expenditures (capital, operation and maintenance) 
 
iii) Social – including accessibility, acceptability, and health and safety 
 
iv) Engineering – including performance. 
 
Engineers Australia (2005) contends that an infrastructure is sustainable if it meets 
the following sustainability criteria: 
i) Environment sustainability – reducing greenhouse emissions, lowering pollutant 
levels in stormwater and effluent discharge into rivers and oceans. Resources are 
limited and need to be managed through conservation, reuse and renewable 
strategies;  
 
ii) Social sustainability – reducing commuter times, increasing road safety, 
improving air quality and providing access to broadband communication to all 
citizens. 
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 iii) Economic sustainability – ensuring that taxation and regulatory systems 
promote new private sector investment in all infrastructure capable of 
generating adequate returns of investment.  
 
A recent research of identifying Key Performance Indicators (KPI) for 
infrastructure in South Africa construction industry, Ugwu and Haupt (2005) have 
developed a comprehensive list of key sustainability items and its indicators. These 
constructs incorporate internationally accepted sustainability metrics, coupled with 
other performance-based indicators such as health and safety, resource utilization 
and aspects related to project management. 
Though the above research initiatives provide a good basis for establishing 
infrastructure sustainability criteria and indicators, they do not probe into the gap 
between sustainability foci and actual deliverables.  
 
4. DEVELOPING SUSTAINABLE INFRA-STRUCTURE 
PROJECTS 
 
In a broader picture, infrastructure is often discussed in the context of the role and 
influence it has on public development, community and social issues (Bayntun, 
2000). Therefore, its development is not to be taken lightly. To achieve 
sustainability, it requires thorough planning in its overall execution. However, this 
is not an easy task as there are many issues and stages involved in the 
infrastructure development process.  
According to Dasgupta and Tam (2005), the life stages of any infrastructure 
project can be divided into (i) preproject planning (King et. al, 1994), which 
involves setting up designs, facilitating and mobilizing funds, preparing bills of 
materials, calculating costs and incorporating short-term and long-tem plans to 
implement the physical modification; (ii) project implementation, which 
incorporates the physical work of project implementation and could, for example, 
include refurbishing the existing structure wherever necessary; and (iii) ongoing 
operation, which includes the financial management, planning, accountability of 
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responsible authorities, and maintenance of the structure during its design life after 
starting the intended operation.  
Proper design, operation, and management of infrastructure must deal with every 
facet of its service life, ranging from conception, feasibility studies, design, 
construction, operation, maintenance, repair and rehabilitation, and finally 
decommissioning and disposal of the system after it has outlived its useful life 
(Mirza, 2006).  
If an infrastructure project were to be sustainable, every phase of its development 
must be guided by the principles of sustainable development which embraces the 
issues of environmental concerns, social needs, and economic empowerment, 
along with health and safety and project management (Figure 3).  
 
 
 
 
Figure 3: The conceptual framework of  
sustainable infrastructure development processes 
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 In this respect, the infrastructure development process should go through the 
various stages from conception, to feasibility studies, to design, to construction, to 
operation, to maintenance and disposal or decommissioning. These processes will 
be improved by the application of sustainable principles that cover key 
sustainability items such as economy, environment, society, resource utilization, 
health and safety and project management aspects. Consideration must also be 
given to the differential needs of sub-criteria of each of these key sustainability 
items. By close monitoring of these processes and checking them against 
sustainable principles, we can thereby ensure and enhance sustainability in 
infrastructure development. 
 
5. A RESEARCH NICHE 
 
Thus far, much of the focus on sustainability has concentrated on buildings. Little 
has been done on infrastructure systems, such as sanitation, transportation, and 
utilities, which may extend over large geographic spaces, have much wider and 
more varied potential impacts, and may be harder to understand from a 
sustainability perspective by multiple stakeholders (Dasgupta and Tam, 2005).  
At one end, sustainable development efforts mainly remain ideological as seen in 
macro-level policies and broad-based concepts. They have not explained how they 
could be translated into practical decision-making during project delivery. The 
same observation holds for infrastructure projects where the current focus is 
largely on macro-level policy planning, with little research focusing on the micro 
level design and construction stage ((Ugwu & Haupt, 2005). The situation 
exacerbates due to multiple stakeholders having different expectations and 
perceptions towards achieving sustainability in infrastructure projects.  
On the other end, there were many research initiatives attempting to develop 
sustainability assessment. In between the two, there is a perception-reality gap and 
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mismatch, specifically on how to enhance sustainability deliverables during 
infrastructure project delivery (Figure 4).  
To influence a holistic chain of decisions and actions towards achieving 
sustainability in infrastructure projects, due attention must be given to finding 
effective ways to enhance sustainability foci during project delivery, along with the 
development of the policy and assessment methods. It is precisely at the project 
implementation level that any sustainability objectives and goals should be 
premised upon. Unless this bottleneck situation is addressed, the policy on 
sustainable development will continue to remain ideological and the sustainability 
assessment methods will not fulfill their intended purposes. 
Figure 4: Bridging the gap of sustainability policy and assessment. 
 
6. THE QUT RESEARCH 
 
As an exploration on ways of rectifying some of the problems discussed above, a 
research project is being undertaken at the Queensland University of Technology, 
Australia. It is aimed at identifying and integrating the different perceptions and 
priority needs of the stakeholders, along with identifying issues that impact on the 
gap between sustainability foci and its actual realization at project end level. 
Filling the niche found in previous studies, this research focuses on the practicality 
and real-world implementation of sustainability agenda in infrastructure projects 
delivery. This can be achieved based on the common understanding by various 
stakeholders, with individual view points shared, understood and mutual benefits 
supported.   
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The on-going research project employs a combination of face-to-face interviews 
with industry professionals, Delphi study among experienced practitioners and 
academics, and case study techniques to collect expert opinions as well as real-life 
project information. This is coupled with secondary data such as existing 
government guidelines on environment impact assessment and management, 
sustainable construction environment and literatures on sustainability research 
(Figure 5). Both the primary and secondary data will provide triangulation of 
results covering the perceptions of various stakeholders in infrastructure projects 
that shall underpin the basis for establishing decision-making process model for 
sustainable infrastructure projects.  
Figure 5: Research methodology 
 
While still at early stages of development, initial industry consultation and 
feedback has indicated strong interests in this research among stakeholders of 
infrastructure projects. The guidelines to be formulated will help promote more 
integrated decision-making and actions on the implementation of sustainability 
strategies and foci during the construction project delivery processes. With the 
different perceptions and views shared, discussed, debated, and with common 
values and mutual benefits identified, fragmentation on the responsible roles of 
sustainability will be avoided. Accordingly, this helps facilitate collaboration, 
consultation and communication among all stakeholders involved in order to 
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 achieve consistent decision-making steps throughout infrastructure project 
development life span.       
Work to date has identified over 200 criteria on sustainable agenda and possible 
actions through six stages of in infrastructure project development. Interviews and 
Delphi study will refine these criteria to a conceptual framework which will then 
be tested through three major infrastructure projects by case studies. Involved 
stakeholders and industry professionals are also supportive of on-going 
consultative meetings to provide further insight to preliminary findings and 
guidance on the overall research approach. It is expected that the final framework 
will be formulated by October 2008 and the complete research results be 
disseminated to the industry by early 2009. 
 
7. CONCLUSION 
Infrastructure projects result in most of the largest built assets on earth. As an 
integral part of developing a sustainable future, these projects deserve special 
attention. To date most of the existing research on sustainability has been focusing 
on building works. A few research initiatives that dealt with infrastructure limited 
themselves to macro issues of sustainability policies and assessment methods. 
They have not covered the important aspects of enhancing the sustainability foci 
and deliverables during project delivery. This crux of the issue must be addressed 
for practical, tangible outcomes from exercising sustainability on infrastructure. 
This paper outlines sustainability “hotspots” in the context of infrastructure. A 
research niche was identified and is being followed through. This is the need to fill 
the gap between recognized importance of sustainability by the industry and the 
eventual realisation delivered at project ends. An on-going project is integrating 
different perceptions and priority needs of infrastructure stakeholders in order to 
develop a framework of integrated approaches to decision-making on the practical 
implementation of sustainability strategies during of infrastructure project delivery. 
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